Abstract: Chimney implosion is the strategic planning of explosives and accessories materials and timings of its detonation so that chimney collapses on itself, minimising the physical damage to its immediate surroundings. Built in 1885, the brick chimney at kankanee colliery, Sijua area, BCCL (Bharat Collieries Company Limited) was demolished by felling method using the commercial explosives by adopting single-folding and toppling method. The chimney was 31.5 m in height and suffered structural weaknesses due to progressive deterioration over age, weathering and non maintenance. The chimney was posing potential threat to the safety of the nearby dwellings and surface structures, viz. main mechanical ventilator of Kankanee colliery, 11 KV electrical substation supplying power to Sijua area, BCCL, high tension cable line and busy Katras-Sijua-Dhanbad Dobari Road all falling within a radius of 30 m. About 75.22 kg of commercial explosive, 100 m of detonating fuse along with 0 and 25 ms delay detonators were used for controlled demolition of chimney. The chimney got demolished by vertically cascading on its own base without causing any damage to the nearby dwellings and surface structures.
Introduction
A few decades back, coal fired boilers were one of the most popular sources of power for operating the steam engine for man and material winding in underground mines. This necessitated construction of tall chimneys made from stone, bricks, concrete, etc.. With the technological advancement and progressive increase in use of electricity, steam engines have been replaced by electric motors and chimneys turning as abandoned structure surrounded by dwellings, important mining installations and surface structures.
The abandoned chimney of Kankanee colliery, Sijua area, BCCL (Bharat Collieries Company Limited) was posing a serious threat to the safety of the nearby dwellings and surface structures due to its progressive deterioration arising out of structural weaknesses due to age, weathering and poor maintenance. The chimney was surrounded by thickly populated dwellings and No. of important structures viz. fan house, 11 KV electrical substation supplying power to Sijua area, BCCL, high tension cable line and busy Katras-Sijua-Dhanbad Dobari Road falling within a radius of 30 m. The abandoned chimney was demolished by using controlled implosion technique by toppling the chimney in a pre-determined direction free from structures.
It may kindly be noted that the chimney was in dilapidated condition due to aging problem. It was built in 1885 for a limited life of 30 years. The chimney was facing safety concerns due to poor quality of construction. The district administration did not give administrative permission to capture regular and coloured photograph as Chimney was lying in politically sensitive mining area with population density. However, we captured black and white photographs using our conventional mobile phone having low resolution camera.
The controlled demolition technique using explosives has cost and time advantages with due regard to safety as compared to manual method. This paper describes a case study of demolition of an abandoned chimney near Kankanee Colliery, Sijua Area, and BCCL by felling method using the commercial explosives by adopting single-folding and toppling method. The explosive demolition of chimneys and structures are used extensively in Korea [1] .
Materials and Methods

Description of the Chimney
The height of the chimney was 31.5 m from the base. The inner diameter of the flue passage was 1.24 m throughout the height of the chimney and outer diameter was 3.0 m. The base of the chimney was standing on four supporting walls of 4.35 m length, 2.13 m height and 1.6m thick and is shown in Fig. 1 . One of the supporting walls had become weak due to weathering thereby causing the chimney to lean on one side and making it a potential source of danger to the nearby dwellings and the surface structures. Fig. 2 shows the site plan of the chimney describing the nearby surface structures falling within a radius of 30 m.
Results and Discussion
Blast Design in Demolition Process
In order to effectively disintegrate the chimney, demolition blasting technique was applied to destroy the stability of the structure by applying pre-weakening concept so that the chimney fells under its gravity and breaks up [2, 3] . As the height of the chimney was not very high, multi-folding and toppling technique was not applied and gravity assisted felling method was selected by adopting single folding and toppling technique [4] [5] [6] . The toppling of the structure above blasting cut consists of initial destabilization, moved disintegration, collapsing and blasted debris falling on its base [7] .
Pre Weakening
A slit of 1.4 m wide was cut on one side manually to pre-weaken the chimney as shown in Fig. 3 [8] . The 1.4 m slit size was technically arrived by carrying out the structural analysis using software to determine the extent of weakening created in chimney in advance. It was observed that 1.4 m slit was sufficient to topple the chimney under its gravity and gravitational moment.
Drilling System
Holes were drilled with compressed air Wagon drill of 100 mm diameter. A total of 25 Nos. inclined holes of various inclined lengths were drilled at angles varying from 10°-45° from the horizontal pointing towards base of the chimney. The depth of the blast holes were designed considering the thickness of the wall of the chimney to prevent any blown through shots. The positions of holes are shown in Fig. 4 . No holes were drilled on that side of supporting brick wall which was structurally weak due to progressive deterioration.
Slit cut by pre-weakening Table 1 demolition of nitiation of b were made w f 25 ms and b were made w y detonators. 
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Not to scale resulting from vertical demolition. (4) All nearby inhabitants were taken to a safe place at the time of blasting.
(5) The traffic on both sides of the DB Road was blocked during blasting.
(6) Sufficient No. of guards was posted with walkie-talkie, signalling hooters so as to prevent any inadvertent entry during blasting time.
Demolition
The chimney cascaded vertically down on its own base and the debris heaped around its own base. The movement of the chimney structure was captured by camera and is shown in Figs. 6-8 , respectively. There was no fly rock generation and damage to any nearby surface structure. 
Conclusions
The 31.5 m old brick chimney was demolished successfully by the felling method using commercial explosives. This case provided a good example for successful application of commercial explosives in demolition of old chimneys with due regard to safety.
